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ABSTRACT

Due to the inadequacy of the electrical power supply to meet the demand in the Southern
part of Thailand in recent years, electrical power from nearby areas from the Central part of Thailand
and Malaysian needs to be transmitted through high power tie-lines. This often causes some technical
problems in power transmission systems, particular during peak time period, due to electric power
transmission instability, as affected by the long distances of the tie-lines. As a result, it often black
out in this region. The failure of electrical supply would be worsen as the trend of the electrical
demand generally increases in the future. Traditionally, the solution for this problem is to expand
the transmission lines or install more power generation capacities in this region, but it spends more
costs and time consumes. An alternative to solve this problem is to adopt the Demand-Side
Management (DSM) program to stimulate and implement energy saving program to reduce both
electrical energy and power peak load demand. In this study, we estimate the potential of the
electrical energy saving and reduction in the averaged power peak in the Southern part of Thailand
in the next 10 years, if energy saving program is introduced by encouraging consumers to switch to
use more efficient appliances in various sectors.

A regression technique was adopted to predict the demand of the electrical energy in the
Southern part of Thailand in the next decade. It was found that the energy demand highly depends
on the two parameters: the Real Gross Regional Products (RGRP) and populations. The result of the
predicted electrical energy demand was then used to estimate the peak demand. Then, the potential
of energy saving amounts were estimated, if more efficient appliances were introduced to replace of
non-efficient appliances. To simplify the problem, we assumed that only those major common
appliances are replaced by the more efficient appliances as follows: (a) lighting, refrigerators, and
air-conditioners for residential sector, (b) lighting and air-conditioners for commercial sector, and
(c) motors for industrial sector.

Finally, the benefit of the total saving energy cost and the total investment costs of the high-
efficient appliances were analyzed to determine whether it is economical feasible or not. The result
indicates that the alternative solution of the DSM program would be more cost-effective, as compared
to the expansion of new high power tie-lines of the conventional supply side planning.

1. INTRODUCTION

Presently, the total capacity of electrical power supplies in the Southern part of Thailand are
2,031.3 MW (in year 2001), of which some of the power supplies are transmitted through the tie-lines
from power generation plants in the Central part. The tie-lines have a total limited capacity of 350 MW

[1].
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Due to the growing up of electricity demands in this region, the electrical utility has to supply
more electric power to meet the demand in the near future, any supply of the electric power over this
limit is unlikely possible because of the over capacity of the tie-lines.

In this study, a tie-line expansion project of the supply-side management and an energy
saving program of the demand-side management are compared to find out an appropriate solution with
a minimum investment cost, in order to cope with the unbalance of the supply and demand in the near
future.

2. METHODOLOGY

2.1 The Prediction Equations for Electric Power Consumption in a Long-term

In this study, we, initially, forecast the electric energy and peak demand in the Southern Part
of Thailand in the next decade.

2.1.1 The Prediction Equation for the Electric Energy Demand
The electric energy demand is determined by the real gross regional products (RGRP) and

populations. The energy demand was found to be well correlated with both parameters. The energy
demand equation is given by:

Log ENER = o, + , Log RGRP,+ o, Log POP, €))
where, ENER, = the energy demand in year ¢,
RGRP, = the real gross regional products in year ¢,
POP, = the populations in year ¢, and
o, o,0, = constant parameters.

The RGRP, in year t of the Eq. (1) is determined by:

RGRP, = RGRP (1 +GRY 2)
where  RGRP, = the real gross regional products in year ¢,
RGRP, = the real gross regional products in the base year, and
GR = the averaged annual growth rate of the real gross regional products in the

prediction.

In this study, the GR in Eq. (2) was determined by using the most update predicted RGDP
(Real Gross Domestic Products) growth rates in the long-term, which were forecasted by various well-
known financial institutions and were published in June 2003 (See Table 1).
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Table 1 Predicted Percentage of Thailand Real Gross Domestic Products
Growth Rate in Long-term after the Economic Crisis in 1998

Organization Growth Rate Organization Growth Rate

(%) (%)
Citybank 3.10 Tha Farmers Research Center 4.00
Asian Development Bank 3.25 Deutsche Bank 4.20
Bangkok Bank 3.40 HSBC 4.20
IMF 3.40 Nomura Research Ingtitute 4.30
World Bank 350 Goldman Sachs 450
Bank of Thailand (BOT) 3.70 JP. Morgan & CHASE 5.00
Merrill Lynch Phatra 3.80 TDRI 5.00
Morgan Stanley Asa 4.00 NESDB 5.00
IFCT 4.00 Average 4.02

Source: Thailand Investor Service Center (TISC), June 2003 [2]

Since the actual RGDP growth rate in the future is quite uncertain. From Table 1, the maximum,
minimum, and averaged RGDP growth rates are 5.00%, 3.10%, and 4.02%, respectively, they were then
used as the annual economic growth rate under high, low, and medium scenario for the long-term
forecasting in this study, respectively. The POP, in Eq. (1) was the population. The figures of it were
predicted by Office of the National Education Commission (ONEC) [3] and were published in December
1999. They were adopted to be applied for the estimation in Eq. (1).

2.1.2 The Prediction Equation for the Peak Demand

A log-linear model was used to estimate the peak demand as follow:

Log PEAK, = B, + 3, Log AVG, 3)
where, PEAK, = the peak demand in year 7,
AVG, = the annual average demand in year ¢, and
B, B, = constant parameters [4].

The annual average demand is defined as the average rate of energy demand per hour in a
year (8,760 hours).

The past historical recorded data of RGRP and populations as published by National Statistical
Office (NSO), and energy demand from 1992 to 1997 [1] were regressed to estimate the parameters of
the energy demand Eq. (1). The stepwise regression method [5] was used to determine the best fitted
equation, which was indicated by the highest coefficient of determination, R2.

The results of the regression of Eq. (1) in this study gave the R? between 0.96 and 0.99. Then,
the best fitted equation for estimating energy demand was then used to project the annual electric
energy demand in the Southern part of Thailand for the next decade, under three scenario of the
economic growth rates as mentioned before, starting from the base year in 2000. The results are shown
in Table 2.

The coefficients of the peak demand in Eq. (3) could be found by regressing the past annual
peak demand and the past average demand. These both past figures were published by Electricity
Generating Authority of Thailand (EGAT), during year 1992 to 1997 [1]. The regression Eq. (3) of the
peak demand was found to be well fitted with R? = 0.99. The regression Eq. (3) was then applied to
project the peak demand in next 10 years during 2003 to 2012. The results were shown on Table 2
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Table 2 Predicted Annual Electric Power Consumption

Year | 2003 | 2004 | 2005 | 2006 | 2007 | 2008 | 2009 [ 2010 | 2011 [ 2012
Energy Demand (GWh)

3.10% | 8,642.13 | 9,129.58 | 9,625.41 | 10,129.23 | 10,639.26 | 11,155.02 | 11,676.89 | 12,203.79 | 12,735.46 | 13,272.55
4.02% | 8,799.68 | 9,338.09 | 9,889.81 | 10,454.58 | 11,030.70 | 11,617.80 | 12,216.36 | 12,825.40 | 13,444.74 | 14,075.17
5.00% | 8,969.09 | 9,563.35 | 10,176.78 | 10,809.35 | 11,459.52 | 12,127.11 | 12,812.86 | 13,515.92 | 14,236.31 | 14,975.08
Peak Demand (MW)
3.10% | 1,398.48 [ 1,470.30 | 1,543.01 | 161657 | 1,690.70 | 1,765.36 | 1,84059 | 1,91625 | 1,992.30 | 2,068.85
4.02% | 1,421.73 | 1,500.92 | 1,581.66 | 1,663.90 | 1,747.39 | 1,832.08 | 1,918.05 | 2,005.14 | 2,093.34 | 2,182.75
5.00% | 1,446.69 | 1,533.93 | 1,62349 | 1,715.36 | 1,809.29 | 190525 | 2,003.35 | 2,10345 | 2,20555 | 2,309.78

Remarks: 3.10%, 4.02%, 5.00% - Low, medium, and high economic growth rate scenario, as used in this study
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Fig. 1 The Predicted Annual Electric Power Consumption:
(a) Energy Demand (b) Peak Demand

The results of the predicted electric power consumption in the Southern part of Thailand from
Table 2 were then used to determine a cost-effective solution between a supply-side and a demand-
side alternative to solve the unbalancing problem of the energy demands and the supplies.

2.2 Demand-Side Management Program

In this study, only some types of the most common use conventional appliances were assumed
to be replaced by those high-efficient appliances for energy saving, as this is a key strategy for the
demand-side management in our study. From the past records, it showed that the most common used
appliances, which shared large proportions in electrical energy consumption, for residential, commercial,
and industrial sector in the Southern part of Thailand are (a) lighting, refrigerators, and air-conditioners,
(b) lighting and air-conditioners, and (c) motors, respectively. These appliances are of interests in this
study for energy saving.

From the statistical survey data [6, 7], the lighting, refrigerators, and air-conditioners shared
about 10%, 20%, and 23% of total electrical energy consumption in residential sector, respectively.
And the lighting and air-conditioners shared about 20% and 68% of total energy consumption in the
commercial sector, respectively. And the motor load was about 75% of total electricity uses in industrial
sector.
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2.2.1 Technical Energy Saving Potential

The saving potential of the energy demand by the replacement of those high-efficient
appliances can be expressed as:

ESAV =1 Z (PE * ME * kzl(l\/ll\/l ) * st,k * PRj‘k))]*ENERt*SC,. 4)

where, ESAV, = the total amount of energy saving potential for end users in sector 7,

ENER, = the total energy demand in year ¢,

SC, = the proportion of total energy demand for end users in sector 7,

PE, = the proportion of total energy consumption of all appliances in type j,

ME]. = the percent share of the total conventional appliances in type j,

MM, = the proportion of conventional appliance type j with a certain rated capacity in
category k,

PS,, = thepercentage 9f energy saving by using high-efficient appliances in type j of
the rated capacity £,

PR,, = the percentage of replacing existing conventional appliances by high-efficient
ones,

m = the total type of the conventional appliances, and

n = the total category of the conventional appliances with various rated capacities.

The recorded data of PE,ME, MM,,, and PS,, were obtained by a survey, which was conducted
and published by AGRA Monenco Inc. [6] and ERM Siam Co., Ltd. [7]. In this study, the percent
shares of the high-efficient appliances PR, , as adopted by the end users in all sectors, were then
assumed to be 25%, 50%, 75%, and 100%, at the beginning of the implementation, for the substitution
of those inefficient existing conventional appliances. And we assume that these percent shares are
kept constant throughout a period of horizontal planning of a project life of new expansion tie-lines.

The financial investment costs and benefits of each percent share of the high-efficient appliance
substitution were then evaluated and compared to that of tie-line investment, i.e. the supply-side
alternative without any energy saving program. The results will be discussed later in section 3 and 4.

2.2.2  The Marginal Investment Cost of the Demand-Side Management Program

The net present worth of the marginal investment cost (MCSE) [8] for the energy saving
program can be determined by:

MCSE = [AV+AC— (ESAV*P)/crf)/ESAV 5)
where, AV = a cost of opportunity losses in early termination of conventional appliances
before the end of their life, to be replaced by those more efficient appliances,
AC = the first investment costs to substitute those conventional appliances by the
higher efficient ones,
ESAV = the energy saving,
P = the electricity unit price, and
af = the capital recovery factor (crf=r/[1-(1+r)"]; r isthe discount rate, and # is the

time period in years of the capital recovery factor).
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2.3 The Energy Supply-Side Program

If there is no energy saving program implemented and new power tie-lines are expanded in
order to increase their capacities to supply more power to meet the increasing demands, then the long-
run marginal cost (LRMC) [8] for the expansion of the new tie-lines can be expressed as:

LRMC = [(I+C, Jerf-S*pw/)/8760] +[(C,,, + C, ) crf] 6)
where, [ = the marginal initial capital cost,
C, = theannual marginal fixed O&M cost,
S = the salvage value, crfis the capital recovery factor,
pwf = the present worth factor (pwf'= 1/(1+r)"; r is the discount rate, and # is the time
period in years of the present worth factor),
Cru the annual marginal fuel cost, and

ar the annual marginal variable O&M cost.

The cost parameters in Eq. (5) were obtained from AGRA Monenco, Inc. [6] and ERM-Siam
Co., Ltd. [7]’s survey reports, and from the specifications of energy efficient products book (June
2002) [9]. Some useful data for LRMC calculation were also supported by Electricity Generating Authority
of Thailand (EGAT). 12% of the discount rate was used in this study. This figure is the practical value
for project evaluations of several organizations in Thailand, which is recommended by National
Economic and Social Development Board (NESDB) [10]. The marginal cost of the saving energy
(MCSE) of the demand-side was then compared with the long-run marginal cost (LRMC) of the supply-
side alternative. The lower values of MCSE than LRMC mean that the energy saving program is more
cost-effective than the supply-side solution.

3. RESULTS
3.1 Technical Energy Saving Potential

The projected electrical supply needed in the Southern region was calculated based on the
predicted electrical energy demands in Table 2, and included the allowances for the transmission and
distribution (T&D) losses of 8%.

The total electrical power peak supply capacity required in the future is then estimated from
the total projected electrical energy supply. The availability of the current electrical supply capacities
(1,828.17 MW) to meet the estimated demands in the future was then compared with an allowance of
10% reserve of the current full capacities. The results showed that the current supply is not adequate
to meet the demand in next 3 to 5 years, depending on the scenarios of the economic growth rate
conditions. Additional required power supply capacities are 76.78, 57.40, and 22.83 MW for low,
medium, and high economic growth rate in year 2008, 2007, and 2006, respectively. For all cases, two
more new tie-lines are required, and they have a total capacity of 2x1,100 MW. In contrast, if the energy
saving program is implemented instead of the expansion of the new tie-lines, then the amounts of
energy can be saved and help to suppress the needs of more energy supply; the amounts of energy
saving were shown on Tables 3, 4, and 5 for low, medium, and high economic growth rate scenario,
respectively.
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Table 3 Energy Saving by Energy Saving Program at 3.10% Economic Growth Rate
(Low Economic Growth Rate Scenario)

Energy Saving (GWh)
Year 2005 2006 2007 2008
25% | 50% | 75% | 100% | 25% | 50% | 5% | 100% | 25% | 50% | 75% | 100% | 25% | 50% | 75% | 100%
Residential Sector
Lighting 000 [ 000 | 000 [ 000 | 0.00 [ 000 | 000 [ 000 | 000 [ 000 [ 0.00 [ 000 | 575 | 11.50 [ 17.26 | 2301
Refrigerators 000 | 000 | 000 [ 000 | 0.00 | 000 | 000 [ 000 | 000 | 000 | 0.00 | 000 | 3062 | 79.24 | 11886 | 158.48
Air-Conditioners 000 | 000 | 000 [ 000 | 0.00 | 000 | 000 [ 000 | 000 | 000 | 0.00 | 000 | 4500 | 90.00 | 13500 | 180.00
Commercia Sector
Lighting 000 [ 000 | 000 [ 000 | 0.00 | 000 | 000 [ 000 | 000 [ 000 | 0.00 | 000 | 303 | 606 | 9.09 | 1212
Air-Conditioners 000 | 000 | 000 [ 000 | 0.00 [ 000 | 000 [ 000 | 000 | 000 | 0.00 | 000 | 80.12 | 160.24] 240.35 | 320.48
Industrial Sector
Motors 000 | 000 | 000 | 000 | 0.00 | 000 | 000 [ 000 | 000 | 000 | 000 | 000 | 4127 | 8254 | 12381 16508
Total Energy Saving| 000 | 000 | 000 | 000 | 0.00 | 000 | 000 | 000 | 000 | 000 | 000 | 000 |214.78|429.57 | 644.36 | 859.16
Energy Saving (GWh)
Year 2009 2010 2011 2012
25% | 50% | 75% [ 100% | 25% | 50% | 7% | 100% | 25% | 50% | 75% | 100% | 25% | 50% | 75% | 100%
Resdential Sector
Lighting 10.34 [ 17.79 | 22.38 | 24.00 | 14.04 | 2148 | 2447 | 2517 | 17.10 | 2388 | 25.82 | 26.27 | 19.67 | 25.63 | 26.99 | 27.38
Refrigerators 7119 | 122556 | 15413 | 165.89 | 96.73 | 147.97 | 168.57 | 173.38 | 117.78| 164.45| 177.84 | 180.93 | 13548 | 176,50 | 185.88 | 18856
Air-Conditioners | 80.85 | 13021 | 17506 | 188.42] 109.86 | 168.06 | 191.45 | 196.92 | 133.77 | 186.78 | 201.99 | 205.50 | 153,87 20047 | 211.12 | 214.17
Commercial Sector
Lighting 530 [ 909 [ 11.36 [ 1212 | 701 [ 1060 | 1193 [ 1212 | 828 [ 11.36 [ 1207 [ 1212 | 924 | 1174 [ 1211 | 1212
Air-Conditioners | 14020 240.35 | 300.44 | 320.48 | 185.27 | 280.41 | 315.47 | 320.48 | 219.07 | 300.44 | 319.22 | 320.48 | 244.42| 310.46 | 320.16 | 32048
Industrial Sector
Motors 75.17 [ 120.70 | 163,60 | 176.87 | 103.65 | 150.40 | 182.72 ] 189.09 | 128,18 180.58 [ 197.00 | 20177 | 149.86] 197.74 | 210.42 | 214.90
Total Energy Saving | 383.04 | 658.71 | 826.97 | 887.86 | 516.56 | 787.93 | 894.61 | 917.16 | 624.18 | 867.49 | 933.94 | 947.06 | 712.53 | 922.54 [ 966.68 | 977.60
Remarks: 25%, 50%, 75%, 100% - The percent shares of the replacement of the existing conventional
appliance by those high-efficient ones, used in this study
Table 4 Energy Saving by Energy Saving Program at 4.02% Economic Growth Rate
(Medium Economic Growth Rate Scenario)
Energy Saving (GWh)
Year 2005 2006 2007 2008
25% | 50% | 75% | 100% | 25% | 50% | 75% | 100% | 25% | 50% | 75% | 100% | 25% | 50% | 5% | 100%
Residential Sector
Lighting 000 | 000 [ 000 | 000 | 000 | 000 | 000 | 000 | 560 | 1138 ] 17.06 | 2275 | 1026 | 17.67 | 2224 | 239
Refrigerators 000 | 000 [ 000 | 000 | 000 | 000 | 000 | 000 | 3018 | 7836 | 117.53| 156.71| 7065 | 121.70| 15317 | 16506
Air-Conditioners | 000 | 000 | 000 | 000 | 000 | 000 | 000 | 000 | 4449 | 88.99 | 133.49| 177.99 | 80.24 | 138.23| 17397 | 187.47
Commercial Sector
Lighting 000 | 000 [ 000 | 000 [ 000 | 000 | 000 [ 000 | 313 | 625 | 938 | 1250 | 547 | 938 | 1172 | 1250
Air-Conditioners | 000 | 000 | 000 | 000 | 000 | 000 | 000 | 000 | 8266 | 16532 247.97 | 330.63 | 144.65 | 247.97| 309.96 | 330.63
Industrial Sector
Motors 000 | 000 [ 000 [ 000 | 000 [ 000 | 000 | 000 | 3085 ] 7970 [ 119.55] 150.40 | 7287 | 125.81] 15883 | 17193
Total Energy Saving| 0.00 | 0.00 | 0.00 | 000 | 000 | 000 | 000 | 0.00 |214.99]429.99|644.98|850.99 | 384.12] 660.76 | 829.89 | 89L54
Energy Saving (GWh)
Year 2009 2010 2011 2012
25% | 50% | 75% | 100% | 25% | 50% | 75% | 100% | 25% | 50% | 75% | 100% | 25% | 50% | 5% | 100%
Residential Sector
Lighting 13.99 | 2143 [ 2446 | 2520 | 17.11 [ 2394 | 2596 | 2645 | 1976 | 2584 | 27.20 | 27.73 | 2208 [ 27.43 | 2860 | 2903
Refrigerators 96.37 | 147.63] 16846 | 17356 117.83| 16492 | 17877 18221 | 13613 | 177.96 187.95| 191.01 | 152.08 ] 188.96| 19696 | 199.96
Air-Conditioners | 109.46 | 167.68] 191.33| 197.12| 133.83 | 187.31 | 20304 | 206.95 | 154.60 | 202.12| 213.47 | 2169 | 172.73| 214.62| 22370 | 227.12
Commercial Sector
Lighting 723 ] 1094 [ 1231 | 1250 | 855 | 1172 ] 1245 [ 1250 | 954 [ 1211 1249 | 1250 [ 1028 | 1231 | 1250 | 1250
Air-Conditioners | 191.14 | 289.30] 325.46 | 330.63 | 226.01 | 309.96 | 320.34 | 330.63 | 252.16 | 320.29| 33031 | 330.63 | 271.78| 325.46| 33055 | 330.63
Industrial Sector
Motors 10091 | 15542 [ 17848 185.04 | 125.36 | 177.07 | 19367 | 198.73 | 147.27] 19504 | 208.17] 21300 | 167.43| 211.47| 22296 | 227.89
Total Energy Saving| 519.10 | 792.40 | 90050 | 924.05 | 628.69 | 874.93 | 943.23| 957.47 | 719.46 | 933.37 | 979.67 | 991.82 | 796.37 | 980.25 | 1,015.26 | 1,027.14

Remarks: 25%, 50%, 75%, 100% - The percent shares of the replacement of the existing conventional
appliances by those high-efficient ones, used in this study
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Table 5 Energy Saving by Energy Saving Program at 5.00% Economic Growth Rate
(High Economic Growth Rate Scenario)

Energy Saving (GWh)
Year 2006 2206 2007 208
2% [ 5% | % [1006] 2% | 506 | 6 [ 1006 [ 26 [ 5% | 7% | 100% | 26 [ % | 6 | 100%

Resdentid Sector
Lighting 000 | 000 | 000 | 000 | 557 | 1115 1672 | 230 | 1009 | 1739 | 2191 | 2364 | 1382 | 2120 | 2424 | 2501
Refrigarators 000 | 000 | 000 | 000 | B39 | 7678 | 11517| 15357 | 6949 | 11979| 15090 | 16280 | %619 | 14604 | 1669 | 17229

Air-Condtiona's 000 | 000 | 000 | 000 | 4360 | 8721 | 13081 | 17442 | 7893 | 13606| 17138 | 18491 | 10811| 16587 | 18961 | 19560
Commercid Sedor

Lighting 000 | 000 | 000 | 000 | 323 | 646 | 969 | 1293 | 567 | 972 | 1216 | 1298 | 750 | 1135 | 1278 | 1298
Air-Condtiona's 000 | 000 | 000 | 000 | 8546 | 17098 | 256.39| 34186 | 149.92| 257.10| 32156 | A329 [ 19826| 0019 | 3B7.86 | A3
Indudrid Sedtor

Mators 000 | 000 | 000 | 000 | 3811 | 7622 | 11433| 15244 | 6998 | 12091 | 15278 | 16550 | 97.35| 15018 | 17279 | 17946

Total Energy Saving| 000 | 000 | 000 | 000 |214.37| 42875| 64312| 85750 | 334.08| 660.97 | 83068 | 89321 [52023| 79484 | 9420 | 9872

Enargy Saving (GWh)
Year 2009 2010 2011 012
2% | 5% | %6 [ 10006] 296 | 506 | 6 [ 1006 [ 26 [ 506 | % | 100% | 26 ] 5% | 6 | 100%

Resdentid Sector
Lighting 1697 | 2382 | 2588 | 2643 | 1970 | 585 | 2738 | 2788 | 212| 2761 | 2887 | 2036 | 2431 | 2025 | 038 | 08
Refrigarators 11690| 16403 | 17826 | 18203 | 13563 17803 | 18858 | 19202 | 15232| 190.14| 19883 | 20225 | 167.43| 0144 | 20027 | 2275

Air-Condtiona's 13277| 18631 | 20246 | 206.75| 15410 20220 | 21419 | 21809 | 17300 | 21596| 22583 | 2972 | 19016| 22880 | 237.68 | 24164
Commacid Sedor

Lighting 887 | 1217 | 1293 | 1298 | 990 | 1257 | 1297 | 1298 | 1067 | 1278 | 1298 | 1298 | 1125| 1283 | 1298 | 1298

Air-Condtiona's 23451 | R174| 34192 | 34320| 26170( 33251 | 34294 | 3329 | 28200 | 337.90| 34320 | 34329 | 297.39| 305 | 3B | 343N
Indudrid Sedtor

Mators 12153| 17213 | 18875| 194.07 | 14350 190.78 | 204.26| 20043 | 16401 | 20816| 22022 | 2554 | 18362| 22531 | 23690 | 24246

Total Energy Saving | 631.55 | 880.19| 950.21 | 965.55 | 724.58| 941.98| 990.31 | 1,00868 | 804.21| 99253 | 1,02093 | 1,04314 | 874.16| 1,03827 | 1,07048 | 1,08401

Remarks: 25%, 50%, 75%, 100% - The percent shares of the replacement of the existing conventional
appliances by those high-efficient ones, used in this study

3.2 Comparison between Energy Saving Investment Cost and Long-run Marginal Cost

The Egs. (5) and (6) were used to calculate the MCSE for energy saving program and the
LRMC for the new tie-lines expansion, respectively. Fig. 2 showed that the energy saving program are
found to be more cost-effective, when their MCSEs are lower than LRMC (LRMC = 1.2527 Baht/kWh
or US$0.0275/kWh at exchange rate 45.56 Baht/USS$).

4. DISCUSSIONS AND CONCLUSIONS

From the results of the projection, we found that installations of new tie-lines are needed to
supply more energy to meet the increasing demands in the year 2008, 2007, and 2006 for low, medium,
and high economic growth rate scenario, respectively.

Another alternative is to implement an energy saving program, in order to suppress the
increasing of the electrical energy demands.

From the comparison of the costs of the new tie-lines expansion and that of energy saving
program, the results showed that the energy saving program is more cost-effective. The cost saving of
this program is proportional to the percent shares of the replacement of the inefficient conventional
appliances by those high efficient ones. And it has a maximum potential of the saving at US$0.0275/
kWh (which can be notified by the difference between long-run marginal cost-LRMC of supply side
and the marginal investment cost-MCSE of the demand side). The MCSE is lowest at 100% shares of
the replacement, as shown on Fig. 2. The reason for the energy saving program is more competitive at



International Energy Journal: Vol. 6, No. 1, Part 3, June 2005 3-183

a higher percentage of the replacement of the inefficient appliances is because amounts of the electrical
energy can be saved more when the larger percentages of the replacement are implemented.
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Fig.2 Comparison between Marginal Investment Cost (MCSE) of Demand-Side Management
Program and Long-Run Marginal Cost (LRMC) of the Supply Side Management

In addition, it can be seen from Fig. 2 that the curve of the marginal investment cost of energy
saving program can be divided into three major parts. For the first part, the curve starts to decline
rapidly from US$0.0275/kWh at 0% share of the replacement to US$0.0100/kWh at 5% shares of the
replacement. This means that the decreasing rate of the investment cost of energy saving program is
highly dependent on the percentage of the replacement. For the second part, the declining rate of the
curve gradually declines after 5% to 80% of the replacement. And at the final part, the curve is
saturated at the minimum cost of US$0.000/kWh. Thus, in this part, the investment cost is no more
highly dependent on the percentage of the replacement of conventional appliances.

Although the investment costs of the energy saving program under three economic growth
rate scenarios are different, as shown on Fig. 2. The difference of the investment cost is insignificant.
This is because the economic growth rates, which were assumed for low, medium, and high economic
growth rate scenario, are very close. Only about 2% of the growth rate is different between low and
high scenario. However, it was found that if the difference between them is much larger, then the cost
of MCSE under the high economic growth rate is significantly higher than that of the low economic
growth rate one. This is because, under the high growth rate, we need to invest more in the first
investment cost. Nevertheless, the increasing of the first investment cost in this condition is still low
as compared to the LRMC cost of the supply side management. For instance, assumed that the growth
rate is 12%, yet the MCSE is just US$0.0028/kWh at 100% replacement, which is equivalent to only
10% of LRMC. Moreover, the increment of this MCSE under the high growth rate, it costs only
US$0.0028/kWh greater than that ofthe 3.10% low growth rate (i.e. the MCSE of'the 3.10% growth rate
is almost nil because the benefit of the energy saving nearly covers the first investment cost).

Hence, we can conclude that, in this case, the demand-side management program is a more
cost-effective alternative than that by the supply-side management. And it is even more competitive at
a higher percentage of the replacement. This can be noticed by its MCSE cost which is inversely
proportional to the percentage of the replacement. Another advantage of the demand-side management
in this case is that the MCSE is still considerably low even under the high prevailing economic growth
rate.



3-184

(1]
(2]
(3]
4]
(3]
(6]

[7]
(8]

]

[10]

International Energy Journal: Vol. 6, No. 1, Part 3, June 2005

REFERENCES

Electricity Generating Authority of Thailand. 2001. Southern Electricity Situation and
Development Plan 2001-2016. Bangkok, Thailand.

Thailand Investor Service Center (TISC). 2003. Economic Forecast. http://
www.thailandoutlook.com.

Office of the National Education Commission. 1999. Thailand Population Projection 1999-
2016. Bangkok, Thailand.

Al-Sahlawi, M. A. Forecasting the Demand for Electricity in Saudi Arabia. The Energy Journal
11(1): 119-125.

Kenkel, J. L. 1996. Introductory Statistics for Management and Economics. Fourth Edition,
United States of America: Duxbury Press.

AGRA Monenco, Inc. 2000. DSM Program Evaluation - Conservation Program. Final Report,
Bangkok, Thailand.

ERM-Siam Co., Ltd. 1999. Energy Efficiency Standards Regime Study. Bangkok, Thailand.
Swisher, J. N.; Gilberto de Martino Jannuzzi; and Redlinger, R. Y. 1997. Tools and Methods for
Integrated Resource Planning: Improving Energy Efficiency and Protecting the Environment.
United Nations Environment Programme Collaborating Centre on Energy and Environment,
Riso National Laboratory, Denmark.

Department of Energy Development and Promotion. 2002. Specifications of Energy Efficient
Products Book. Bangkok, Thailand.

Tongyingsiri, P. 2001. Project Planning and Analysis. Se-Education Public Co., Ltd.,
Bangkok, Thailand.





